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SYNOPSIS A buried tank, consisting of unit diaphragm walls with no mechanical connection between them, has been studied 
under seismic loads. Soil structure interaction analyses, using a visco-elastic model for the soil have been carried out with two- and 
three dimensionnal models. A technical solution to ensure the stability of such a tank is proposed. 
1- INTRODUCTION 
Most buried LNG tanks in soft soils consist of a reinforced 
concrete structure built inside a slurry-wall. The purpose of the 
slurry wall, generally about I m thick, is only to provide a 
water-tight membrane during the construction phase. 
Taking advantage of the recent improvement in the 
diaphragm wall construction, using their new machine, the 
HYDROFRAISE, Soletanche, in association with Technigaz, 
has developed a new concept in which the slurry wall itself is 
used as part of the tank structure. Thus, the stability of the tank 
relies on the diaphragm wall which consists of m<t:1y panels 





- Technigaz membrane 
Slurry wall 
Drainage slab 
with heating system -li!l--./ 
Concrete slab -w----"' 
Out of the environmental conditions and requirement. it 
became rapidly evident that the seismic conditions of the site 
would be the main reason to restrict the use of such a concept. 
Under normal conditions, the earth pressure is applied evenly 
on the circumference of the tank so that the joints between 
panels remain under compression because of hoop effects. But 
in the case of an earthquake, the earth pressure is no longer 
evenly applied along the tank circumference and the purpose of 
the study presented in this paper is to analyse whether there is 
any risk that the compressed joints could open in any way. 
Concrete dome 
<P 62.42 m 37.00m 
62.50 m 
<P 63.14 m 
2.20 m ---.1--
Fi~ure 1: Cross section of the tank 
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Figure 2: Soil profile Fos-sur-Mer 
2- DATA AND SPECIFICATIONS CONSIDERED 2.2-Design accelerogram 
2.1-Structure and site data 
A typical I 00,000 m3 tank was used for calculation purposes. 
The structural components of the tank and their dimensions are 
summarized on the cross section fig. I. 
The LNG terminal of Fos-sur-mer, France, whose site data 
are available and suitable for the construction of such a tank 
was selected for analysis. Mechanical characteristics of the soil 















The behavior of the tank under seismic loads was studied for 
an earthquake of0.2 g maximum acceleration. The acceleration 
time history, typical of an artificial 6.5 magnitude earthquake 
recorded on rock, is shown in fig. 3. It comprises 2048 points 
with a 0.0 I s time lap. 
The seismic loads which are applied in this study do not 
necessarily correspond to the seismic conditions of the site but 
were selected arbitrarily in order to define the maximum 
allowable loads for this type of tanks. 
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 
Time(s) 
Figure 3: Acceleration time history 
438 
3- FREE FIELD ANALYSIS 
3.1- Principle 
In this first step of calculation, the free-field response (prior to 
the tank construction) was studied. This analysis was carried 
out with the BABE-software, Soletanche ( 1992). This program 
features the resolution of site response problem for shear waves 
propagating vertically in a horizontally layered site using the 
complex response method, Schnabel et al. ( 1972). 
The free field motion is computed from the design 
accelerogram. This acceleration time history is supposed to be 
representative of the motion which would occur at an 
imaginary outcrop of the bedrock. 
The behavior of each soil layer is oflinear visco-elastic type. 
Shear modulus, G, and material damping, (3, are determined by 
successive iterations using curves published by Seed and Idriss 
( 1970) giving G and (3 versus strain for silty sands. 
Propagation speeds V8 and V are derived from the unit 
weight of the soil y, the shear modulus G and Poisson's ratio v. 
3.2- Soil dynamic characteristics 
Table 1 presents the soil dynamic properties compatible with 
the strain levels induced in each layer by the free-field motion. 
SOIL y v G 13 v. v 
LAYER (t/m3) (MPa) (%) (m/s) (mfs) 
Backfill 2.0 0.40 51 3.9 160 1140 
Sand 2.0 0.49 60 8.0 173 1237 
Silt 1.9 0.49 8 20.0 65 463 
Gravel 2.1 0.48 170 9.6 285 1451 
Calcareous 
clay 
2.2 0.45 600 8.1 523 1733 
Table 1: Soil dynamic characteristics 
4- SOIL STRUCTURE ANALYSIS 
4.1- Calculation procedure 
Soil-structure analyses were carried out with the finite element 
program, CESAR-LCPC, developed by the Laboratoire 
Central des Ponts et Chaussees ( 1988), which enables two- and 
three dimensionnal linear complex calculations. 
Because of the complexity of the mesh and of the analysis of 
the results, a 20 model was chosen in the first dynamic 
computation.The 30 analysis was necessary to confirm the 
conclusions of the 20 analysis and to remove the assumptions 
made in order to analyse the joint stability. 
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4.2- Finite element meshes 
The tank structure was defined by beam elements in 20 and 
shell elements in 30. The 20 model was defined considering 
that the overall stiffness was taken by a space central beam 
working only in shear. The central beam stiffness was 
determined by comparing the displacement at the dome level 
for the 20 and 30 models under a uniform horizontal 
acceleration. 
The soil and liquid were modelized by 4 node 20 elements 
(respectively 6 and 8 node 30 elements). The element size was 
selected in order to ensure a proper frequency transmission up 
to 15 Hz with at least six elements by wavelength. 
On the lateral edges of the model, silent boundary elements, 
as proposed by Cohen and Jennings ( 1983), enabled to take into 
account the wave propagation beyond the model limits. 
20 and 30 meshes are given in fig. 4. 
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Fi2ure 4-a: 20 mesh 
Figure 4-b: 30 mesh without dome 
4.3- Results 
From the pressure distribution curves (see fig. 5) given by the 
dynamic analysis, the stability of the wall was studied in a 
horizontal plane by adding the permanent loads at each depth 
level. The stability of the joints was characterized by two 
parameters (one versus shear, the other versus offset) which 
were derived from the bending moment in the horizontal plane 
M, the normal force N and the in-plane shear force T. 
The factor of safety versus shear is defined as: 
c1 = Nrr > 1 (I) 
The factor of safety versus offset is defined as: 
C2 = Ne/6M > 1 (2) 
with e being the effective thickness of the diaphragm wall. 
The analyses showed that tensile stress may appear in the 
upper part of the tank where static earth and water pressure are 
too small to balance dynamic pressure which may occur in case 
of an earthquake. 
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Fi&ure 5: Dynamic earth pressure on the tank 
4.4- Design of the upper prestressed concrete ring 
The upper concrete ring has to be designed to support the dome 
and to retain the tensile stresses induced in the upper part of the 
wall which occur mainly under dynamic excitation. 
For the 0.2 g accelerogram considered for the Fos-sur-mer 
site, the section of the the upper ring should be about 4x2.2 m 
with the appropriate steel reinforcement and prestressing. 
5- CONCLUSION 
The 2D and 3D dynamic analyses fully demonstrate that the 
new concept is well suited to the Fos-sur-Mer site under the 
chosen seismic criteria. 
The calculation tools which were developed during this 
study enable SOLETANCHE and TECHNIGAZ to analyse the 
suitability for any buried LNG tank project which would be 
located in soft soils. The drilling tool ("Hydrofraise") which is 
able to dig diaphragm walls of the necessary thickness with the 
required precision down to great depth is already available. It 
has been used for many other kinds of projects. 
The use of this new technique would considerably reduce the 
cost of buried tanks and it would offer, for a same range of cost 
as for an above-ground tank, an increased level of safety and 
a far lesser impact on the environment. 
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